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Introduction
Using nucleic acids in gene therapy and cell-based approaches provides a promising therapeutic strategy for a variety of intractable diseases, although little is known about the precise mechanism (Mingozzi and High 2011; Naldini 2011) . In bio-market, production of desirable transgenic proteins needs modification of cellular and molecular mechanisms of the hosts (Lico et al. 2008) . Recently applied methods to transfect siRNA and microRNA (miRNA) offer ways to inactive genes of interest, thus, provide tools for gene function analyses (Walia et al. 2011; Davidson and McCray 2011) . Such applications may be obtained by transfection of investigated nucleic acids into the target cells. Unstable in the presence of nucleases, nucleic acid hardly crosses cell membranes because of its size and charge. Indeed, almost no nucleic acids can permeate cell membranes as naked molecules. For this purpose carriers have been developed with the purpose of delivering genes efficiently into target cells and protecting them from nuclease degradation (Weissig and Torchilin 2001; Wolff and Budker 2005) .
Viral vectors have been widely investigated as vehicles for gene delivery. Despite high efficiency, they pose high risks, including insertional mutagenesis, high immunogenicity, DNA size restriction, largescale constraints and cytotoxicity (Wright 2009) . Recently the development of non-integrative viral vectors such as lentiviral and adenoviral vectors provides an important step toward the development of safer vector-based gene transfer technology (Coutant et al. 2008) . Lentiviral vectors are not diluted through cell division but support transcription by the cellular machinery, allowing stable transgene expression in non-dividing cells such as postmitotic cells. Non-integrative lentiviral vectors (integrase negative forms) preserve many favorable features of conventional integrative lentiviral vectors, including vector stability, high production yields and infectivity.
Further investigations are still required for their application in clinical purposes.
However, similar to episomal plasmid vectors, adenoviruses remain in epichromosomal form in all known cells except eggs (Okita et al. 2008) . Adenoviral vectors have two attractive features: high infection efficiency for both dividing and non-dividing cells and rare integration into the genome (Stadtfeld et al. 2008) . The drawbacks for adenoviral-mediated gene delivery are their rapid clearance in dividing cells; in addition their gene expression is not consistently and sufficiently long enough. A recent study about their application in cell reprogramming reported that the adenoviral vector efficiency could be enhanced by combining with various small chemical molecules (Shao and Wu 2010) .
Although viral methods have represented more successful gene transfer, from a biosafety point of view, as well as due to the ease of handling and the limited packaging capacity of several viral vectors, non-viral methods are favored. Many different nonviral methods have been developed to deliver nucleic acid to mammalian cells for both stable and transient expression, including DEAE dextran, commercial non-viral vectors (lipids, polymers, dendrimer, polyethylenimine, peptides, and nanoparticle-based compounds) and electroporation (Yamano et al. 2010 ). However, electroporation suffers from many limitations, including the need for large cell numbers, large amounts of nucleic acid, serum-free transfection conditions, and the high level of cell death (Andre and Mir 2004) .
Cationic lipids condense nucleic acid through ionic interaction and thus form cationic nano-size complexes which bind to the negatively charged membrane through ionic interaction and enter the cell through spontaneous endocytosis, without significant cytotoxicity (Luo and Saltzman 2000; Dincer et al. 2005) . We tested the hypothesis that if under similar conditions, these gene transfer reagents (TRs) are capable of yielding high transfection efficiencies. Four reagents of different formulations: Arrest-In (lipopolymeric), Lipofectamine 2000 (cationic lipid), Oligofectamine (lipo-polymeric), and HiPerFect (blend of cationic and neutral lipids) were chosen for this study.
In general, transfection efficiency of vectors depends on cell types, kind of nucleic acid, and medium conditions (Yamano et al. 2010) . Although many new systems hold promises to achieve hightransfection efficiencies, a systematic evaluation considering some types of stem cells has not, to our knowledge, been performed yet. Stem cells have been the focus of interest in the field of regenerative medicine not only for their differentiation potential but also for their ability to serve as the live part of target tissue and to give rise to mature and functional cells in vitro and in vivo (Ferguson et al. 2005; Barrilleaux et al. 2006; Feng et al. 2010; Aggarwal and Pittenger 2005) . Successful transfection of hMSCs with potentially therapeutic genes, such as coagulation factor VIII and IX for hemophilia, collagen I for osteogenesis imperfecta, interferon-b and interleukin-2 for malignancies and bone morphogenetic protein 2 and 4 for a variety of musculoskeletal defects have been reported (Van Damme et al. 2002; Reiser et al. 2005) . hMSCs derived from bone marrow have limited proliferative capacity and their differentiation potential decreases during passaging. Although bone marrow is considered as an accessible and enriched source of hMSC, the isolation procedure is invasive for donors and patients (Kern et al. 2006) . Capable of differentiating into multiple cell types, hUSSC is less mature, with more extended life length and longer telomeres. Besides these biological advantages, hUSSC isolated from umbilical cord blood is abundantly available, routinely harvested without risk to the donor. These cells also do not express HLA class II and exhibit less ethical challenges and immunogenicity compared to hMSC and embryonic stem cells. These multipotent stem cells could be expanded up to 20 passages without spontaneous transformation and abnormal karyotype (Bakhshandeh et al. 2011; Kogler et al. 2004) . Herein to facilitate dealing with genetically modifications of stem cells, we investigated the efficacy and ability of the four mentioned transfection reagents to deliver fluorescent-miRNA (20 nucleotides) and GFP coding plasmid (7,442 nucleotides) into hUSSCs and hMSCs.
Materials and methods

Cell isolation and culture
With informed consent of the mothers, hUSSC isolation and propagation were carried out as described previously by our laboratory (Bakhshandeh et al. 2011) . Flushing with Hanks balanced salt solution (HBSS, Sigma), hMSCs were isolated from aspirated bone marrow by Ficoll using density centrifuging. Growth or basal medium contained high glucose DMEM supplemented with 10% FBS and a 1% antibiotic (10,000 U penicillin). Cells were cultured under humidified atmosphere of 95% air with 5% CO 2 at 37°C in 24-well tissue culture polystyrene.
Differentiation tests
For adipogenic differentiation, the cells were cultured for 3 weeks in the presence of 0.5 mM hydrocortisone, 0.5 mM isobutyl methyl xanthine, and 60 mM indomethacin (all from Sigma). For osteogenic induction, the growth medium was supplemented with 250 nM dexamethasone, 50 lg/mL ascorbic acid-2-phosphate, and 10 mM beta-glycerol phosphate all from Sigma for 21 days. Chondrogenic differentiation was induced in a modified high-density micromass 3D culture for 21 days. Aliquots of 1.5-2 9 10 5 USSCs in 0.5 mL of basal medium were centrifuged at 1,200 rpm for 5 min in 15 mL polypropylene tubes and incubated overnight. Then the medium was supplemented with 250 nM dexamethasone, 50 lg/mL ascorbic acid-2-phosphate, 1% ITS (6.25 mg/mL insulin, 6.25 mg/mL transferrin, 6.25 ng/mL selenious acid, 1.25 mg/mL bovine serum albumine and 5.35 mg/mL linoleic acid), 200 ng/20 ll bFGF and 10 ng/mL TGF-b (recombinant human transforming growth factor-beta) all from Sigma to make the chondrogenic induction medium.
To investigate calcium mineralization in osteogenic differentiation, cultured cells were treated with Alizarin Red. Briefly, samples were rinsed in PBS, fixed with 4% paraformaldehyde for 1 h, washed with PBS and stained with fresh 1% Alizarin Red S, pH 4.1 for 10 min at room temperature. Wells were then rinsed with 0.1% HCl solution to remove excess stain and visualized under light microscope. Oil Red dye was used for detection of accumulated oil droplets in adipogenic differentiated cells. Alcian Blue dye was used to identify the presence of glycosaminoglycans (GAG) in the chondrogenic differentiated cells.
Cell viability assessment
Cell viability was assessed by trypan blue exclusion assay. Briefly, 5 lL of 0.4% trypan blue (Sigma) was added into each sample at the end of transfection time. Cytotechnology (2012) 64:523-540 525 After incubation for 30 s at RT, the fraction of blue cells was quantified by microscope (Nikon, Tokyo, Japan) and classified as nonviable or viable if they were positively stained or negatively stained by trypan blue, respectively. The 8 9 10 4 cells of each types was seeded as the ''control'', without any transfection assay.
Propidium iodide (PI) intercalates into doublestranded nucleic acids. It is excluded by viable cells but can penetrate cell membranes of dying or dead cells (Riccardi and Nicoletti 2006) . Hence PI as reverse indicator of cell viability was assayed by flowcytometry to quantify the exact number of viability.
Fluorescent-miRNA (FmiRNA) transfection
FmiRNA transfection was performed by mixing miRCURY LNA TM microRNA Power Inhibitor Negative Control B (5 nmol, 3 0 -fluorescein labeled, Exiqon) with four different TRs. For each transfection reagent, transfection assay was carried out in quadruplicate (experimental replications) simultaneously. Cells were reverse transfected according to the manufacturer's instruction. Briefly, we spotted 37.5 ng or 70 ng fluorescent miRNA in 100 lL culture medium without serum into a single well of a 24-well plate. Then we added appropriate volume of each TR to each well, mixed thoroughly by pipetting. Incubation for 5-10 min at room temperature to allow formation of transfection complexes was done. After that 8 9 10 4 cells (USSCs: passage 2 and MSCs: passage 4) in 250 lL of growth medium (without serum and antibiotics) were seeded into the well, on top of the miRNA/TR complexes and incubated under mild shaking at 37°C and 5% CO 2 for 6 h. Following incubation, all the transfected cells were visualized by microscope, then washed and harvested for flowcytometry or viability test. In FACS analyses, the selection criterion was the emission of fluorescence from the positive cells that have absorbed fluorescentmiRNA. The negative cells are the cells that do not absorb the fluorescent-miRNA.
Plasmid DNA (pcDNA) transfection Plasmid DNA (pEGFP-C1, Invitrogen), encoding the Green Fluorescent Protein (GFP) under the control of the cytomegalovirus promoter/enhancer, was used for investigating large DNA transfection. Vectors were propagated in competent Escherichia coli DH5a cells followed by endotoxin-free plasmid DNA ultrapurification using a QIAGEN Plasmid Maxi kit according to the manufacturer's instructions (Qiagen). Appropriate volume of each TRs was incubated in room temperature with 0.5 lg or 1 lg pcDNA for 20 min. Reverse transfection procedure was done as mentioned before. After 6 h, the medium was replaced by DMEM containing 10% FBS and antibiotics and incubated for 72 h. To optimize the incubation time, the transfection of pcDNA by Lipofectamine was investigated at both the 36th and the 72nd h. Then, the transfected cells were visualized by microscope, then washed and harvested for flow-cytometry or viability test. In FACS analyses, the selection criterion was the emission of fluorescence from the positive cells that have absorbed the pcDNA and expressed the GFP. The negative cells are the cells that do not absorb the pcDNA.
Fluorescence microscopy
The miRNA and pcDNA transfected cells were washed once with 1 ml of PBS, followed by addition of 2 ml of PBS. Images were acquired using an inverted fluorescence microscope (TE2000-S; NikonEclipse, Tokyo, Japan).
Fluorescence-activated cell sorting (FACS)
Cells were trypsinized, washed twice with PBS, and fixed with 1% paraformaldehyde in PBS. After fixation, FACS analysis was performed on FACS cytometer (Partec Flow Cytometry, Cell Analysis) with fixed cell counts for all experiments. Win MDI 2.8 software was used to create the histograms. Isotype control refers to the 1-day cultured cells without miRNA or pcDNA transfection.
Quantitative real-time RT-PCR Total RNA was extracted and random hexamer-primed cDNA synthesis was carried out using Revert Aid first strand cDNA synthesis kit (Fermentas). Real-time RT-PCR reactions were performed using Maxima TM SYBR Green/ROX qPCR Master Mix (Fermentas), and monitored in RotorGene 6000 Q real-time analyzer (Corbett) followed by melting curve analysis to confirm PCR specificity. The threshold cycle average was used for data analysis by Rotor-gene Q software (Corbett). Relative expression was quantified using the comparative DDC t method. Target genes were normalized against HPRT and calibrated to undifferentiated USSCs and MSCs. The primers used for NANOG were: F 0 GCTAAGGACAACATTGATAGAAG and R 0 CTTC ATCACCAATTCGTACTTG, and the primers used for OCT4 were: F 0 CGCCGTATGAGTTCTGTG and R 0 GGTGATCCTCTTCTGCTTC.
Statistical analysis
The Student's t test was used to determine whether there was a significant difference between the groups and the difference was regarded as significant if p value was lower than 0.05. Data are presented as mean ± standard deviation (SD) of at least three independent experiments.
Results
hUSSC and hMSC characterization
Isolated human stem cells, hUSSCs and hMSCs, were characterized based on their surface markers, reported previously by our laboratory (supplement 1) (Shafiee et al. 2011 ). Both types of stem cells showed fibroblast-like and spindle-shaped morphology when cultured at low cell density. hUSSCs were rectangleshaped and hMSCs were square-shaped. After 21 days of osteogenic differentiation using osteogenic medium, the biomineralization and secreted extracellular matrix were observed in monolayer culture, as visualized by Alizarin Red staining (Fig. 1 ). In addition, hUSSC and hMSCs showed the potential to differentiate to chondrocytes and adipocytes under differentiation inducing conditions. The strong expression and accumulation of acidic proteoglycans was supported by Alcian Blue staining. Cytoplasmic oil vacuoles were stained in red as indicators of adipogenic differentiation (Fig. 1) .
Investigation of transfection reagents without constructs
Investigation of cells treated by pure TRs revealed that their toxicities during 6 h incubation were acceptable (Fig. 2) . Remarkably cells exposed to Lipofectamine showed fewer adherences which led to spherical morphology and may result in early apoptosis.
Optimization of transfection conditions
The optimization of incubation time for pcDNA transfection revealed that at the 36th h, despite proper cell viability, the transfection efficiency (indicated by GFP expression) was very low. In contrast the transfection efficiency results at the 72nd h were appropriate (Table 1) .
To optimize the appropriate transfection condition, for each stem cell type, seven different combinations of transfection reagents and nucleic acids (either for FmiRNA or pcDNA) were tested. Afterward the results of each stem cell type were compared. In the following, all the increases or decreases are presented in comparison with the standard conditions.
FmiRNA transfection optimization
The results of transfection yield and cell viability for each set of conditions are shown in Table 2 . For transfection with Lipofectamine, increase in construct concentration did not improve transfection efficiency significantly. Also increase in Arrest-In volume or construct concentration did not improved transfection yield significantly. In this latter case, decrease in both Arrest-In volume and construct concentration reduced the efficiency dramatically (condition 2-2). Alteration of Arrest-In volume did not affect the cell viability considerably. Therefore the best results were achieved using the standard protocols (conditions 1-1 and 2-3).
pcDNA transfection optimization
The results of transfection yield and cell viability for each set of conditions are shown in Table 3 . Decrease in Oligofectamine volume reduced the transfection efficiency while alteration of construct concentration did not change the yield significantly. Noteworthy increase in both Oligofectamine volume and construct concentration (condition 1-3) resulted in unexpected decreased yield although the relevant changes were not significant. Comparing the readings of transfection by Arrest-In revealed that decrease in its volume led to considerable reduced yield. But increase in construct concentration did not alter the transfection efficiency Cytotechnology (2012) 64:523-540 527 meaningfully. Overall changes in Oligofectamine or Arrest-In volumes did not affect the cell viability significantly. Altogether the best results were achieved using the standard protocols (conditions 1-1 and 2-1).
FmiRNA transfection
According to FmiRNA transfection procedures (standard conditions), efficiencies of the four different TRs were compared at an early time point (6 h) after transfection for both hUSSCs and hMSCs. The cells were examined by fluorescence microscopy to visualize the green fluorescent cells. In parallel, duplicate transfected cells were washed, harvested and analyzed by flow cytometry to determine the percentage of transfected cells. As expected, all four transfection reagents were capable of delivering the FmiRNA into both cell types. In hUSSCs, the highest efficiency, with up to 62% of all cells with fluorescence, was obtained using Lipofectamine (Figs. 3, 7a ; Table 4 ). HiPerfect was inferior in performance in comparison to other commercially available reagents with only 8% efficiency. During this time period, the highest number of viable cells was observed in Lipofectamine assay and the most toxic TR was HiPerfect ( Fig. 7c ; Table 5 ).
As expected, Lipofectamine and Arrest-In also showed the highest efficiency in hMSC miRNAtransfection, 86 and 88%, respectively were observed (Figs. 4, 7a ; Table 4 ). Remarkably the highest number of dead cells was observed for these two TRs. On the other hand, Oligofectamine could transfect only 1% of Fig. 1 The morphology of stem cells in basal medium, and specific staining after a 21-day culture under adipogenic, osteogenic and chondrogenic induction medium. Bars 100 lm the hMSCs with the lowest toxicity during 6 h of assay time ( Fig. 7c ; Table 5 ).
Plasmid transfection
The pcDNA used in this study had identical expression cassette, encoding for the GFP gene under control of the CMV promoter. 72 h post-transfection the cells were examined by fluorescence microscopy to visualize the GFP expressing cells. In parallel, duplicate transfected cells were washed, harvested and analyzed by flow cytometry to determine the percentage of GFP expressing cells compared to untransfected samples. In hUSSCs, the Lipofectamine was the most efficient reagent in transfecting the pcDNA with the efficiency of approximately 100% (Fig. 5 ). In contrast, quantitative analysis by flow cytometry demonstrated that nearly 0% of cells transfected with Lipofectamine expressing GFP (Fig. 7b) . A logical explanation could be the fact that dead cells were washed out after microscopic visualization and before harvest for flow-cytometry. Cell viability assessments supported this explanation, too. Other TRs transfected pcDNA into hUSSCs with efficiencies below 50% ( Fig. 7b ; Table 4 ). The lowest toxicity was seen for HiPerfect ( Fig. 7d ; Table 5 ).
As illustrated, the highest GFP expressing hMSCs had been transfected by Lipofectamine yielding *8% transfection efficiency (Fig. 6) . Transfection with the other commercial transfection reagents resulted in less than 5% efficiency ( Fig. 7b ; Table 4 ). Transfection of hUSSCs resulted in significantly higher ratio in comparison to hMSCs. In this assay, the proportion of viable cells and transfected cells of each TR showed an inverse trend for both cell types. Predictably, the lowest viable cell numbers were detected in the Lipofectamine transfection assay ( Fig. 7d ; Table 5 ).
The influence of transient transfection on stemness properties
Quantitative transcriptional evaluation of OCT4 (Papamichos et al. 2009 ) and Nanog (Matsuoka et al. 2010; Brandner 2010 ) (two stemness indicators) on FmiRNA transfected USSCs and MSCs (by lipofectamine and after 6 h of incubation) revealed no significant changes (Fig. 8) . Thus transient transfection does not alter the stemness property of these stem cells.
Discussion
Recent studies demonstrate strong efforts to develop and apply efficient nonviral gene delivery systems that could be competitive with viral vectors (Falk et al. 2002; Lam and Dean 2010; Luo and Saltzman 2000) . Few approaches to optimize the efficiency of gene transfer and establishment of proficient transfection protocols have been described only for some types of cells (Dinser et al. 2001; Yamano et al. 2010; Gonzalez et al. 2007; Yamauchi et al. 2010) . Because of variation in transfection yield and cytotoxicity of each method, selection of an appropriate method for transfection of a given cell type is crucial. In most reports, cell lines have been routinely used for systematic evaluation of TR performance. Contrary to cell lines, stem cells can promote tissue healing through extensive proliferation, differentiation and growth factor secretion at the site of injury. Moreover genetic modification of stem cells provides a powerful tool to understand complex molecular regulation of development (Kern et al. 2006 ). Hence stem cell transfection strategy seems to be an ideal approach for cell-mediated gene therapy and developmental biology. However, the transfection efficiency is lower in stem cells compared to cell lines (Hoelters et al. 2005) . To the best of our knowledge, this is the first study for comparative assessment of different TRs in two types of human stem cells.
hUSSCs can be considered as a preferable allogenic alternative source to hMSCs for stem cell regeneration. This adherent stem cell has unique biological characteristics and is capable of broad replication in culture as well as differentiation under controlled FmiRNA-USSC 62 ± 7 5 2 ± 5 1 1± 4 8 ± 1.7
FmiRNA-MSC 86.22 ± 6 8 8 ± 3 1± 0.5 9.47 ± 2.3 pcDNA-USSC 0 ± 0.5 a 39 ± 3 47.38 ± 2 26.25 ± 4 pcDNA-MSC 8.05 ± 1.1 2.11 ± 0.4 3.67 ± 0.8 4.36 ± 0.5 Table 5 Cell viabilities represented as averages (n = 4) ± SD Condition Yield (%)
Lipofectamine 2000 Arrest-In Oligofectamine HiPerFect
FmiRNA-USSC 35 ± 4 3 0 ± 6 1 8± 2 1 4 ± 1
FmiRNA-MSC 55 ± 12 35 ± 10 90 ± 1 8 5 ± 1 pcDNA-USSC 1 ± 1 4 0 ± 8 5 5± 7 5 0 ± 12 pcDNA-MSC 10 ± 1 7 0 ± 10 98 ± 2 9 7 ± 2 conditions into multiple stromal lineages (Fig. 1,  supplementary figure 1 ) (Bakhshandeh et al. 2011; Kogler et al. 2004) . Because of promising therapeutic utility of hMSCs and remarkable potentials of hUSSCs, we have chosen these two types of stem cells for transfection evaluation.
To establish gene transfer systems capable of yielding high-transfection efficiencies for stem cell modifications, four typically used and biochemically different transfection reagents (Arrest-In: lipo-polymeric, Lipofectamine 2000: cationic lipid, Oligofectamine: lipo-polymeric, and HiPerFect: blend of cationic and neutral lipids) were comparatively studied. These reagents were reported to be efficient in some previous studies (Gheisari et al. 2008; Yamano et al. 2010; Akimov et al. 2009; Nabzdyk et al. 2011) .
Typically b-galactosidase, luciferase, chloramphenicol transferase or GFP are being used as reporter genes to test transfection reagents, mostly cationic liposomes and polymers in combination with plasmids . Transfection efficiencies of two nucleic acids; (1) fluorescent labeled-miRNA (FmiRNA, 20 nucleotides) and (2) GFP encodingplasmid (pcDNA, 7,442 nucleotides) with different sizes under the same conditions were investigated as another aim of this research. RNA interference and miRNA provide great opportunities for desired genetic modifications. In addition, substitution of supplementary stimulating growth factors with direct transfection of small-RNAs to induce intentional differentiations or gene-mediated therapy (Djuranovic et al. 2011; Chitwood and Timmermans 2010; Poliseno et al. 2008; Tarantino et al. 2010 ) encouraged us to evaluate miRNA transfection systematically in different conditions. As explained, in this study transfection efficiency and cytotoxicity have been analyzed in relation to cells of interest, transfection reagent and kind of nucleic acid. For optimization we investigated the effects of different ratios of reactants and constructs on transfection yield. Regarding the low yield of transfection achieved by HiPerFect, this reagent would not be a good option despite its low toxicity; therefore it was not considered for optimization. In addition, the increase and decrease in the volume of Lipofectamine was not investigated because of high toxicity and low experimental precision.
Considering that the best results as well as the need for smaller amounts of costly reagents and constructs were achieved by standard protocols, we used these transfection conditions for further investigations (Tables 2, 3 ). Since the analyzed cells were adherent, reverse transfection method (see ''Materials and methods'') was used for both types of nucleic acids. By applying this strategy, FmiRNA transfection efficiency increased notably compared to other reports on nonviral transfection of these stem cells (Hoelters et al. 2005; Trompeter et al. 2011; Liu et al. 2009 ). Mild shaking during transfection period might havehelped in view of elevating transfection efficiency.
The rate of plasmid transfection in hMSCs was in line with the most previous reports (Peister et al. 2004; Falk et al. 2002; Lakshmipathy et al. 2004; Weissinger et al. 2003) while Hoelters et al. (2005) reported higher transfection efficiency. Our lower yield could be because of the difference in methods for determination of transfection efficiency, which was fluorescence microscopy and Neubauer chamber in their study and flow cytometry in ours.
In similar conditions, the efficiency of pcDNA transfection in hUSSCs was much higher than hMSCs ( Fig. 7 ; Tables 4, 5). Actually hUSSCs illustrated higher susceptibility for transfection of large nucleic acids than hMSCs (Figs. 5, 6 ). However, we couldn't conclude such judgment for FmiRNA transfection since both cell types represented acceptable efficiency for transfection of FmiRNA (Figs. 3, 4) .
Unlike for hUSSCs, significant difference between efficiencies of pcDNA and FmiRNA transfections was observed in hMSCs. Such difference might be the result of difference in GFP expression in hUSSCs and hMSCs or size-dependency of nucleic acid transfection in both stem cell types. Altogether it revealed that the nature of the cell itself plays a critical role in effectiveness of transfection as suggested by others (Yamano et al. 2010; Lee and Kim 2005) .
Toxicity of cationic lipids is another important aspect when using liposomes. Toxicity is mainly caused by free liposomes, which do not complex nucleic acid. For optimal transfer efficiencies, higher nucleic acid concentrations require higher amounts of TR, which inevitably increase toxicity. In addition to reagent dose, other factors that could influence cytotoxicity are the presence or absence of serum and the charge ratios of TR/nucleic acid complexes and incubation time (Yamano et al. 2010) . For pcDNA transfection (assessed by GFP expression), our study showed that the optimum incubation time to achieve the appropriate transfection efficiency along with acceptable cell viability was 72 h (Table 1) .
Even though it has been shown that cell cytotoxicity is an inevitable side-effect of any TRs (Pouton and Seymour 2001) , for in vivo transplantation dead cells are harmful. Therefore, having acceptable toxicity is an essential factor for choosing a TR. Thus, lowering the toxicity rate is a crucial part of any transfection optimization. Our investigation on cells treated with pure TRs revealed that their toxicity rates during 6 h incubation were acceptable (Fig. 2) . Remarkably cells exposed to Lipofectamine showed reduced adherences which led to spherical morphology and may result in early apoptosis. A recent study has reported similar changes in morphology and consequent apoptosis of cultured human lung epithelial cells which were treated with Lipofectamine for 6 h (Kongkaneramit et al. 2008) . The dependency of the production of reactive oxygen species on Lipofectamine-induced apoptosis has also been described in the mentioned paper.
Under determined conditions, we observed that the ratio of cell viability and transfection in both analyzed stem cell types were inverse, as has been reported by other groups (Madeira et al. 2010; Gheisari et al. 2008) . The largest number of viable hMSCs was found after transfection with HiPerFect or Oligofectamine with nearly the lowest transfection efficiencies. In transfections with Oligofectamine and HiPerFect, significant differences were observed between viability of hUSSCs and that of hMSCs but not between transfection efficiencies. Overall it seems that in comparison to hMSCs, hUSSCs are more sensitive to Oligofectamine and HiPerFect and thus, these two TRs are not recommended for hUSSC transfection.
In consistency with previous reports (Zhang et al. 2004; Hoelters et al. 2005) , most efficient TR in FmiRNA transfection, with respect to the number of viable cells, was Lipofectamine followd by Arrest-In. The efficiency of small-RNA transfer is even higher than in a study, in which hematopoietic stem cells were transfected with siRNAs by electroporation (Oliveira and Goodell 2003) . The two other reagents (Oligofectamine and HiPerFect) showed much lower efficiencies. The transfection rates of these two latter reagents might increase if higher concentrations of reagent and/or nucleic acid are used, but it would be too costly for practical use.
In plasmid transfection, Oligofectamine showed the highest transfection efficiency considering cell viability again followed by Arrest-In. Worth mentioning is, that the performance of Oligofectamine seems to be time-dependent. Its efficiency after 6 h incubation was very low for FmiRNA transfection while the best performance in pcDNA transfection was observed for Oligofectamine after 72 h evaluation.
As the last assay, the possible influence of transient transfection on stemness of these stem cells was investigated by transcriptional evaluation of OCT-4 and Nanog as two stemness markers (Fig. 8) . The results suggest that stemness properties of these stem cells were not affected by transient transfection.
Altogether studying the biological action of each reagent in delivering the genetic material into stem cells can be considered as an interesting approach for future studies.
Conclusion
Stem cells have been mainly investigated for their regenerative potential; however, in many cases it may be necessary to enhance or change some features of the cells by genetic modifications. Although non-viral methods commonly have the disadvantage of a low nucleic acid transfer yield, biosafety is an advantage, especially when they are considered for clinical trials. Herein we investigated the potency of four transfection reagents with different biochemical structures to transfect miRNA or plasmid DNA into hMSC and hUSSC. Our findings indicated that the mentioned transfection reagents can offer a feasible approach for non-viral genetic modification of stem cells satisfactorily. Such studies are the first steps in eliminating supplementary inducing factors in order to direct desirable differentiation or functional gene analyses and eventually develop an in vivo gene transfer system.
